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FQRUTDN OF PRO'IOPRCRE~ M D  "EIWBL THEORY 
(POLRXNDIBISATICM OF FTBE AHI@SO ACID) 

Fo- is a tranahtion of an articl~ by A SON ~ a r a ~ ,  
Chemistry Depatt9bnt and Oceanographic Institute of 
Florida State  IJniPbruitT, Tallaha8888, FloriQ, in the 
Japanow-language periodhal Protein, Hualsb Acid, and 
Ensplls, Vol. 6,  1961, pegor 65-75. Footnote indieaW7 
t h b  articln t o  be Contribution Moo 3.42 of the Ooaano- 
graphic Inrrtitula, aided by grant C-397l, National 
Institute of Health, US Public Health ServiceJ 

1, Introduction 

bteu them has been hmeasiag interest in the origin of 
biochemical 8y8tema and them ha8 also been fncrsatling experiumntation 
on t h i s  (Nbjeot. The objeot of this type of maearah ia mainly to 
attempt to convert simph aolnoules assumed to have existed in the 
ear* d a p  of the &h fnto higher order bioahemimll,y 8ignUicant 
mol.cu&s war envirolBlbnhl oonditions 8 b i l a r  to tho- as presumd 

U s e  in  the faat  that life probably evolved on earth ultimately attar 
pars of tranafonrertion of 8-b organic and inorgania caipouud8 into 
mom colnplar organic chanical colilpaunds. 

t o  ham 0-d in mCh a @ O l O g a I  OXSO The bas- O f  th8- dudi.8 

In the p - n t  paper, tho author would  lib^ to muaarizia our 
knmledgm of the so-called t h e d  onorgy theory concerning the origin 
of aulho acid8 and proteinr, particularQ uonrserning the foxmation of 
protoprotein* 



Concrept of Natural Origin, whhh waa co-sponsored by tho H e w  York 
Acp- of Sabnc0 and the brican As8ociPtion for the Advanusebnt 
of Scbnce. 

It can be hagbed that with the emape of hyirogan from the 
earthts pritllitive atPosphere and the change to  an CrXidiShg a-8- 
pheru, varfops forma of uhemical reactions cauaad by diffemnt fonm 
of emrgy nust have occursd. The energy aourcea uould have baen 
mlar radiation, efsctriwal dimharg, coarctc rsys, radioactive de- 
radiation, or heat, With raspoot to the fomatian of ambo acids, 
using o m  or mom of these diffamnt fonur of energy, are the follow- 
iSg mpFtOd ~ b ~ d b s o  

2. Fomation of Amino Acids 

a, Elsctrioal Diaahargo 

In a prbi t iva reducing te r rea t la l  abmsphere, it aan be 
assumsd that ultraviobt radiation could have beon an important 
8ourCe of energy for chemfcal maations S h C S  no osone lapr would 
have aadstsd t o  abwrb such radiation. Based on this uow30pt, the 
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synthesi8 of a d n o  acid8 and lrnfna 
anmonia, and uabr vapor subjected 

cornpounds f r a n  a mlxtun, of -thane, 

C. Radioaetirity 

d. ThexaulEabrgy 

It C L ~ B  be gemrally a8rmpd tbat the& omrgp was not 
an effeotive agent for  deoaqoring meh ths- &able caapamrds 
a8 g6ttmna in an envirorrabrrt of moderately law taagsrat~ms. On 
prMt ive  earth houevar, locally hot spots oould easily have existed, 
mch a8 in the vicinity of volcsnio lava flow, and riO&nt ahemioal 
reactionm aould have oasil;ST occured where an ataosphelr of mthaas, 
amno-, and other gams came in contact With such hot lava. 

the following nrrmsr, @mW Cyania acid could ham been 
with r rd  hot lava acting as a catalyst. 



' 3. Foxmatien of Polrpopt id8 

Md It is known that 2ooO to w &/io1 of energy ia re 
in the reaction which foxma one peptide fmm two unho mid80 
Thb partienlsr reaction is themfore more in favor of the aplino 
aoida, that is in aquilibrum, very l i t t l e  dipclptido is fomd.  
the other hand however, peptide binding easrgy l a  Iamm t o  dsuroass 
w i t h  increasing peptide s b o  as eondensation of anin0 mida and 

pptidss axotheImic Pf9m%?' In general, howbvwr, the energy required for 
the ~ n t h e s b  of peptides from free ambo acid. Uan be acquired from 
s o ~ s  such as lightening or ultraviolet rap, 8- to the cam 
of aBaia0 acid uyntheria. 

On 

In  #pmB Ca808, the r e a u t h  i 8  Imam t o  be 
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Akabori and h i s  co-worlpsra have drnaorutratsd that the high 
reaction snsrgy diffiaulty man be avoided and that by an ingdnio\ls 
method, polyglpfrrs can be synthesised without first ~ t h e s i a f n g  
rusfna auidrr, and also that more capplisx polsps~raCrs can be fonmd 
by the attachment of rariourr aldshydbs and unsaturated 
tO t h O  glyCW m8id\7tb as shown b k  P- 1. 

SHs*CH*O+HCN --+ HIN-CHz-CN 
+ nH,O 

nHzX-CHa-CN L+ -(NH-CHs-C-)n- 
i!iH 

(NH-CHo-CO)n+nNHs 
-NH-CH*-CO- -NH-CH-CO- - -NH-CH-CO 

I 
CHO CHOH dH, 
k R B 
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In sumuary, om can that them poQwxxlenaation ssms 
to work fa i rv  noll  for glycine and a8parti.c acid, but that the saim 
cannot be maid for  other amino acids. 

a. Conditions for thexmal polpond6nsation 
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HO-$ti-COO”, -H.O_ HO-CH-CONH, FH -COONH. 
CH. -CooF1 CH. -COOH h i  r x l t  co-coo11 

P i g u m  2. Fonaation of anhydmaspartic acid hydrate. 

From the standpoint of reaction energy, the 2OOO t o  
cal/mol rsquirsd f o r  fomation of the peptidB linlr i8 not 8bnnrmaJly 
large euapared to  n o d  ehomical reaction energha, and yd also 
have to our advantage the fact that the peptide+amino mid binding 
energy is oonsidersbly naallrr a8 already exphinod. 

Another matter of intereat hem i8 the fact that 8ime mar&y 
amino aeids a m  comrted  t o  ailoetopiparasiffb by heating under cer- 
tain condition8, thoro 58 the po8sibility that dipeptiaas plight bs 
formsd a1 intoznmdiate prodacts in the rssetion eonvarting adno 
acid to dikbtoplperaoine. Therefom, the problem in spthesising 
pomptirb8 by thewal polycondensation ia to  dimover the -tion 
conditions which w i l l  inhibit dilrstopfpsrad.ne foxmation but which 
will furllitate the folmlation of long peptide u h a b .  
ala0 be noted that the poritiva free energy change involved in 
peptide formation is not the main di f f iou l ty  in t h b  particular 

It should 

p r ~ b h o  

Past failure8 in the thermal polp3ondSnsation of amino acid8 
can be due to inadequate knowledge of polyPsrs, outdated psthods of 
analysis, as well a8 possibly a,n unsuitable uhobe of reaction 
conditions. 
perfonrsd in the 8olid state, but wmu6tbms in the liquid phaae With 
&oerinS or e r s 8 ~ l  a8 solvents. Water ua8 found to bo an unsu%tabla 
medium for peptide foxmatian, and other aolventr we= 8imilarQ found 
t o  be ineffective. 

Usually the& polycondsnsation of crptino aaids v.8 

> 
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G l u t a m i o  acrid, upon &titag, dehydrat@s and ClOm8 int0 a 
ring ta fow psrnrglu- acid (5-pgrrolidane 24arboxylb acrid). 
If for lnst8nue glscias is then bbnded into and dissolved in this 
liquid pyrroglut8mic acid and the  solution is allowed to  stsnd for 
a length of t- suffiuierrt for reaotion t o  ham w m d ,  tlwn upon 
the addition of water and ultrafiltration a 4 w h i t e  copolSpbr 

glycine copolpmr has the aharacteriatius given In Table 1. 
of glutamic w i d  and glynins l a  o b t a i m d . t m ~ l  8 gl?ltWtLiU mid- 

Tabla 1. characrterirtica of Glutamic Acid4lyuirU Copolyllsr(lol) 

Th. -0-d &So*- 8 p W t n l  ha8 pSak8 at thO \I(Lvd 

numbera 3080, 3300, 1550, and 169 car1, qulb typiual for a po4- 
ppticib. The saw type of oopoQiwr can be fonwd by the tlwnral 
polpondmmation of pyrroglutad~ wid and glpyl&viPb. On the 
other hand, pproglutamio mid and dikatopiperaslm (both -) 
do not fom a peptide upon the addition of water but inrt.ad are 
probably In the atate of reaction equilibrum &own below. 
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The characteristiar of Pyrr0glutad.o acid in tho abeve reaction 
as a molmnt, maatant, and aatalyst should be an sffeative @.de t o  
later eacperim6nts on the thermal polgcondenaation of adno acids. 
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b. Formation of Plnltipla caprpoxrsnt copofglPbrs. 

-s of meaassfal copolgrPbritrtinn a m  that of a 
r forppbd from ppm@utn?ds acid sad 88parti.c 
and a&o 2- and f-auzwtitasnt cop0 rb  o m d  Bi9- P-conntitwnt c 

acid (Figure 3)y 
fxwn @~taiaiC acid, aspartic acid, and a third adno acid. 
both of theme cami, the alrpsrtic aeid forrps polpmrs in the fomi 
of araia3y anhydropolp.spartic mid polyhydrata, t 
aapartic acid hoarapofgpbr as prsvioruly deercribed. ymdJ for 

1 

Aspartic aaid(mol$) 



I 
, - -  
I . 

I .  

A s p  tGlutGl3 
ArrptGludkla 
A s p  tGlu :Val 
A s p r G l u t h  
AS~:G&:#  la 

65 11 
66 5 
72 5 
67 9 
70 9 

24 
29 
23 
26 
21 

Becmtion was 16ooc, 6 h o w  in 0 2  atmosphez-8, 1.5 m l  of 8C% HPu 
Mol ra t io  of AaprGlut3rd sraina acid=l:ltlo 

a. Effect of phosphoric aaid, polyphosphoria soid, and 
other .ants. 

-u- 



clear, md at best, ue can d m  that them mid8 oontribute to 
the maotion in the fom on M-pborrphorgl or u~lb mixad wid &hydrate0 

Asp 51.1 Ser 0.63 
( G f u  13.0 , Pro 1.04 
L> 1.79 ' Gly 2.93 
Ills 2.53 Ala 1.31 
Arg 1 83 Val 1.33 

T h r  0 55 Met 0.86 

Is0 0.71 
Leu 3.44 
Tyr 3.87 
Phe 5.87 
NHs 5.02 

1.16 

Bobt  ' E m t o m  C a d  nOt b B16a-d bsa~Sb O f  H c l - Q d ~ o  
Hsynth.8issd by heating at 100% for 100 houra with polsphoaphoric 
acid, 

hgond: ( l ) U n f m o # i O  
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mtenoida 1pbmnbu n a t d  protein8 in IpaEpf ways. In 
addition to uontdning a large amount of aspartic acid, tb amino 

weight of protanaids ia in the xsqp 300Q to 9OOOuhhh oorreepcmda 

protenoids, variom color teats a m  p08itiv0, and hfra-md abrorp- 
tion dne to  anhydmarrpartio acid residue as u d l  as the normal 
peptide absorptbn are oblrsrved. Rotenoid ia sited in by a dilute 
aal t  solation and aalted out frua a ooncentrated solution. U l t r a -  
f i l t ra t ion pmiucea a mgativew charged band due t o  the filter 
paper aud electrophomsis, and the subatancre obtained i a  fairly 
humgermsm. In Figure 6 is ahown the effecrt of chpmtrypain and 
pepsin on a prolanoid. It should also be mntbned that, ushag 
bauteria, the nutritional value of protonoids has been mbasumd. 

mid C a r t p o S % t b  Of mbnOid8 b mlOlUblb, .pd t b  l d#aUhr  

ronghu k, pr0t.h ~~olecuffta of nl~3olbQU1pT ~ W t o  81- with 

From the viewpoint of the origin of a bbhemical sgstcna, 
t he  protonoid, which ha8 just been discussed, ean be uonsidered as a 
prfmitivo tm of probin, and it can be conaidemd quite libe3.y that 
auch prOtenoid8 nom folllabd on a prhi t im earth. Ths evolution frau 
them protenoida k, l iving cel ls  undoubtedly took an uribeuSvabU 
length of involving many cycle8 of oanplioatod Uhange8, develop- 
ments, a8 well. at3 --. In the murue of the evolution of 
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protomida, it can be assrntlbd that the fomation of a po1-r aqa tem 
of proteins, distinct from its environebnt, would be nece.iwry, and 
It can also be aaslnnsd that emym actian whiah would be n e e e m  
for a prbi t ive fow of metabolistic htoreetion with the environ- 
mnt  mast exist. 

From another rlr.wpoint, if the acidic nnina aaida mere 
important in the syntheria of priraftim prOtefru, then these 



I. 

Conwming the origin of o p t W  aativity, a llt0113.r of theo- 
ries ham been propowd among r h b h  are the effect of e k e u h r 4  
polariaedmoonl2&t or the @anapt&a dipoh mom&, or quartz 
adsorption, In  the light of p s s n t  knouledge, another strong 
possibility which -ts attention i~ tho lsponbabaus division of 
glutamdo aaid undBr natural Clonditionrr, t h i s  glutappic aaid being a 
b y  e-nt in protein sgotheais. 
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Cliq COOH 
2CH3C0011 - 2.CHrCOOH -+ I, 

CHn-COO11 

g. Criticima of maent theneal energy theory. 

Rouently U r e y  and pabliahod a paper in Scfanoe 
t i t a d  "On tbs qynth.sia of organls caupoamda on prUtiv8 earth," 
whkh was a good overel l  theorstbal t m b m n t  of the CrUbJect, In 
th i r  pqmr, the mcrtion &acribh& the thbnaal energy theory a e a ~  
t o  be in aon8idnrabl.o error hawemi, and the prewnt adher would 
like to  ularify a few of the points conuemiag thia theory. 

-16- 



Althow Umy and H U r t u  d i 8 ~ ~ 8 8 b n  of energy 8oum38 ia 
interssting, they consider solar exmrgy ab tho only sotaw of the& 
energy, they consider the vcrriat3i.m in magnitulb of this energy, and 
they a3.m arllsrt that thia energy 56 rrrpplisd intowitfently. It 
does doem neuemary however t o  consider what suuree or soumas of 
energy might be ef fuisnt  for the aptheris of what types of matter. 
For iwtauae, in a p r ip i t i . .  8taolrph4re which lcad asamnod to consist 
of mothu34, aumonia, water vapor, aud other stable mupmdm, ultra- 
vio&t radiation and lightening w m l d  probably have ken mat 
effioient for the bmalcdown of them wmpotmh wit$ t h e d  anergy 
probsbQ wing a seeondarJT role. Honmver in ttu mxt step of 
protonoid ~thor is ,  t h o d  esrgg uould probably be the mora 
e f f f cbn t  agent as can be suxmimd from our hhdg. of the t h e d  
polgcon&nsatlon mchanicrp for polgrrnina acid ~ ~ S i 8 0  
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The Standmint of Biochemiatrs  of the Past 

Near the end of his Isc at the 1906 meting of the Cgnran 
Chemical Society, F a i l  

one could fortunatul,y by chance succeed in produuing a 
real protein by a brutal reaction, for example the co-lting of 
amino acids 3s a w&ter&ss median, and if it were even mom podbln,  
whhh is pt unlikely, to idsntfpy the synthetic produet w i t h  a 
natuml substance, then a little would ham been attained for albumin 
chenLi8tx-y and even le88 for biology,' 
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